INTRODUCTION
On both back of package and front of package (FoP), the reference amount chosen forms an integral part of the nutrition information displayed on packaging. As the provision of nutrition information is regarded by policy makers as a means of encouraging consumers towards more healthful food choices, it is important to better understand the potential impact of reference amounts on healthfulness evaluations. Reference amounts utilised in nutrition labelling are predominantly 'per 100 g/100 ml', 'per unit' and 'per portion'.
Different nutrition labelling formats have been shown to influence food product healthfulness evaluations, 1-5 however, the experimental design and focus of analysis has generally been on the energy and nutrition content of the labels. So far, the role of reference amounts, an intrinsic element of many of the FoP labelling schemes, appears not to have been systematically evaluated. This is despite earlier research on back of package nutrition information provision suggesting that the way in which reference amount information is presented can have a substantial effect on food choices 6 and that consumers find it difficult to compare products when the nutrition information is presented using different reference amounts. 7, 8 Presentation of nutrition information on food packaging in the EU is governed by the recently adopted regulation on Food Information to Consumers, 9 which requires a mandatory nutrition declaration on pre-packed foods expressed 'per 100 g' or 'per 100 ml' on back of package; however, this can also be supplemented by nutrition information 'per portion'. Furthermore, in the EU, if a manufacturer chooses to repeat nutrition information on FoP, they can express the four key nutrients: fat, saturated fats, sugar and salt in terms of portion only, although the energy must be expressed as both 'per 100 g/100 ml' and 'per portion'. Where nutrition information per portion is provided, the portion on which the nutrition values are based must be quantified in close proximity to the nutrition information. Therefore, because of an increased occurrence of FoP nutrition labelling, understanding the impact of reference amounts on health inferences is becoming increasingly important.
In their 2005 review of the nutrition labelling literature, Cowburn and Stockley 10 concluded that consumers found portion information difficult to interpret. Research since 2005 has shown that consumer confusion related to portion information is still an issue. 11, 12 For example, when comparing eight executions of FoP calorie flags, Van Kleef et al. 5 reported that consumers found the 'calories per serving flag' option to be most preferable but only under the condition that the portion was perceived to represent a realistic and easy-to-understand consumption unit. There is on-going debate as to whether nutrition information is best presented 'per 100 g/100 ml' or 'per portion' 8, 13, 14 particularly amongst those concerned with the development of nutrient profiling models which attempt to define 'healthy' versus 'unhealthy' foods. Many consider that 100 g/100 ml best serves as a comparator between foods that are often presented in a range of different portion sizes, whereas others argue that a food containing high levels of an 'unhealthy' nutrient 'per 100 g' may 1 only make a small negative contribution to a person's diet if the 'typical' portion for that food is much smaller than 100 g. 13 Product category associations (e.g., nutrition value of chocolate versus yogurt) have been shown to be one of the cues used by consumers to form judgements about a product's healthfulness. 15, 16 On the basis of the evaluability principle, it is also argued that 'numerical [nutrient content] information lacks meaning by itself and has to be compared with other information to be interpreted meaningfully'. 17 In other words, a comparison baseline, for example a Guideline Daily Amount (GDA), may be essential for the processing of numerical nutrition information. 15, 18 Foods are often categorised as 'healthy' or 'diet'; and it has been shown that foods considered part of a 'healthy' category can elicit a systematic underestimation of their energy content, resulting in higher intake quantities regardless of the portion size. 16, 19 This study explores to what extent participants infer healthfulness of foods across three very different food categories, in three reference amounts, using an FoP labelling scheme in which nutrition information is presented with and without percentage GDAs. GDA schemes express values for energy, sugar, fats, saturated fats and salt that a portion of the food contains as a percentage contribution to the daily requirements of an average reference adult. GDAs were derived from the COMA report 20 on Dietary Reference Values and are a labelling scheme used widely across Europe. 21 
MATERIALS AND METHODS
Data on participants' perceptions of relative, as well as within-category, healthfulness of foods were collected, using a mixed between/within-subject factorial design. Participants were randomly assigned to one of three reference amount conditions ('per 100 g', 'typical' portion, 50% reduction on 'typical' portion) and rated three different foods (biscuits (i.e. cookies in North America), sandwiches, yogurts) on their healthfulness. For each food, participants rated two pairs of products within the same category, with one product more healthful than the other. Participants rated products without and then with GDA energy/nutrient labelling.
Basing the task on a direct comparison of two products but at the same time asking respondents to evaluate healthfulness within a product category was expected to yield more insights on how health inferences are made on food products and the role of reference amounts.
Recruitment of participants
A quota sample of 13 117 participants was obtained from online research panels in six European countries (Germany n = 2171, UK n = 2155, Spain n = 2206, France n = 2209, Poland n = 2169 and Sweden n = 2207; see Table 1 ). Quotas were also applied for age, gender and level of education. Body mass index was calculated based on participants' self-reported height and weight, as weight (in kg) divided by height (in m). 2 Participants were classified according to social grade using the National Readership Survey (NRS) classification system 22 based on questions on the household's chief income earner (namely working status, occupation and number of people responsible for).
Materials
Before the online experiment started, participants were presented with an example of a label using GDA and a short definition: 'Guideline Daily Amounts (GDAs) are guidelines about the amount of some nutrients e.g. fat, salt, that a person should be eating in a day.' Within the experiment, participants were randomly assigned to one of three FoP reference amount groups, each of which was presented with nutrition Abbreviation: BMI, body mass index. a 1086 (8.3%) of participants did not provide sufficient data for classification.
Reference amounts utilised in front of package nutrition labelling information for either per 100 g, a 'typical' portion size or half of a 'typical' portion size, henceforth referred to 'per 100 g', 'typical portion' and 'half portion', respectively. The product nutrition information is shown in Table 2 . When selecting the food categories to include, it was necessary to consider the different food cultures in the participating countries and select categories that were familiar in all four. Biscuits, sandwiches and yogurts were chosen as they satisfied this primary criterion and they represented a wide range of portion sizes; biscuits being typically a snack food that tends to be presented in small portions or units, whereas for a product that forms the main component of a meal, such as sandwiches, portions are larger, with yogurts falling somewhere in between. Following a review of the 'typical' portion sizes on the market for each of the three chosen food categories, a standardised 'typical portion' was set for each of the three food categories; biscuits 18 g, sandwiches 250 g and yogurts 150 g. The second portion condition tested was then set as a 50% reduction on this standardised 'typical portion' condition to see if health inferences were impacted by a reduction in portion size. The 'per 100 g' label was included as a comparator between the foods.
To facilitate the final food stimuli selection within each category, it was necessary to map the relative healthiness of the foods both within and across the food categories. This was achieved by application of the SSAg/1 nutrient profiling system, one of the approaches considered in the work to support the UK Food Standards Agency initiatives to address food advertising. 23 SSAg/1 scores start at zero for the most healthful foods and increase in units of 1 per 10% increase in GDA of the energy and each nutrient contained in 100 g of the food. SSAg/1 was considered to be the most appropriate objective health scoring model for this study because it results in an absolute score for each food based only on energy and the main risk nutrients, that is, saturated fat, sugar and salt, without taking into consideration any positive aspects of the food, such as levels of micronutrients or fibre, and this maps onto the communication elements typically presented in the majority of FoP labelling. SSAg/1 scores for each of the foods are detailed in Table 2 . The final two food variants representing different levels of healthfulness within each category were selected by reviewing the nutrition values of real foods on the market and selecting those that represented a realistic upper, lower and mid-range within each category.
Procedure
Participants were simultaneously presented with two FoP labels and asked to rate the healthfulness for both products individually by positioning the products in question on a slider with the mouse to a location between 'least healthy food you can think of' on one end (left) to 'most healthy food you can think of' on the other end (right) presented below the FoP labels. Each label (more healthful and less healthful version) was randomly assigned to the left or the right side of the screen. Participants rated both labels (more healthful, less healthful) first without GDA and then with GDA (the first set of labels showed no GDA information, only absolute values for energy and nutrients, whereas the second set showed GDA information on top of the absolute values, in per cent). This was repeated for each of the three types of foods presented in random order. However, the label containing GDA information was always presented after the one with gram information only. Hence, each participant provided 12 healthfulness ratings on six presentation slides that were either based on 'typical portion', 'half typical portion' or 'per 100 g', dependent on their assigned group. The slider for the healthfulness ratings was continuous and measured 101 positions from zero for the least healthful imaginary product to 100 for the healthiest imaginary product. Using this qualitative approach to healthfulness evaluation, a limitation of existing literature could be overcome: many studies use calorie estimates as a proxy for judging the healthfulness of a product. 19 This method is limited as calories play only one part in the overall healthfulness of a product or even an entire diet. For the purpose of comparison to the 'objective' SSAg/1 scores, the healthfulness scores from participants were reversed and scaled from 0 to 15. Analysis A 3 food (biscuits, sandwiches, yogurts) × 2 healthfulness (more healthful, less healthful) × 2 FoP labelling conditions (Baseline versus FoP label) × 3 reference amount ('per 100 g', 'typical portion', 'half portion') × 6 country mixed measures analysis of variance was performed in SPSS version 19.0 (SPSS, Chicago, IL, USA), using the participants' perceived healthfulness ratings as the dependent variable. The Greenhouse-Geisser method, which corrects for any violation of the sphericity assumption, was used to calculate F and P. Measures of effect size are reported using partial eta-squared (ηp 2 ), which represents the strength of the association of each independent variable (FoP condition, reference amount, country) with the dependent variable (participant's perceived healthfulness ratings), after the effects of all other independent variables were accounted for. Abbreviation: GDA, Guideline Daily Amount. a not stated on the label.
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RESULTS
A mixed-design analysis of variance with food, healthfulness and presence of GDA as within-subjects factors and reference amount ('per 100 g', 'typical portion', 'half portion') and country as between-subjects factors (Table 3 ) revealed a main effect of healthfulness F(1, 13 099) = 18 537.2, P = 0.000, ηp 2 = 0.586. The least healthful products (based on the SSAg/1 score) were rated significantly less healthful (mean = 10.24) than more healthful products (mean = 5.20). Participants could clearly distinguish between the healthfulness of more versus less healthful products. The main effect for healthfulness was qualified by interactions between food and healthfulness, F 1 (1.997, 26 162.8) = 365.8, P = 0.000, ηp 2 = 0.027; and healthfulness and country, F(5, 13 099) = 68.0, P = 0.000, ηp 2 = 0.025. Across the product categories, yogurts and sandwiches were evaluated as less healthful than their objective scores, whereas the healthfulness of biscuits was overestimated. In addition, ratings for the more and less healthful variant were very similar across all three categories (Figure 1) , with means ranging from 9.55 to 10.99 for the less healthful and from 4.55 to 6.44 for the more healthful. This demonstrates that respondents used the full range of the available scale for each category and that product evaluations were carried out within, rather than across the three food categories. There were also smaller, but significant, main effects for food (F 1 (1.9, 25 248.8) = 710.5, P = 0.000, ηp 2 = 0.051) and for country, F(5, 13 099) = 56.9, P = 0.000, ηp 2 = 0.021 (Table 3 ). Respondents in Sweden (mean = 8.07) rated products as least healthful, whereas those in Poland (mean = 7.45) and France (mean = 7.49) rated products as significantly more healthful than those in the other countries. Germany (mean = 7.75), Spain (mean = 7.76) and the UK (mean = 7.78) did not differ from each other but were different from both the other two groups (Table 4 ). However, overall, biscuits were perceived as least healthful (mean = 7.96) closely followed by sandwiches (mean = 7.84) and yogurts were perceived as most healthful (mean = 7.36). The small but significant interaction between food and country, F 1 (9.6, 25 248.8) = 27.1, P = 0.000, ηp 2 = 0.010, indicates that the healthfulness ratings of foods varied according to country ( Table 3 ). The significant interaction between healthfulness and country, F(5, 13 099) = 68.0, P = 0.000, ηp 2 = 0.025, indicates that the healthfulness ratings of the more and less healthful variants of foods varied according to country ( Table 3 ). The mean scores for more and less healthful foods ranged from 4.19 in Poland to 6.31 in France, respectively.
A small but significant main effect for reference amount was observed, F(2, 13 099) = 72.3, P = 0.000, ηp 2 = 0.011 ( Table 3) . Post hoc analysis revealed that participants perceived 'half portions' (mean = 7.51) to be significantly more healthful than 'typical portions' (mean = 7.85) or per 100 g (mean = 7.79) ( Table 4 ). The significant interaction between food and reference amount, F 1 (3.9, 25 248.8) = 522.6, P = 0.000, ηp 2 = 0.074 indicating that the healthfulness rating variation according to reference amount was differential across the foods (Greenhouse-Geisser correction utilised to correct for the violation of the sphericity assumption) (Table 3 ). However, on the whole, across all three foods, the larger the reference amount the less healthful it was perceived to be. Abbreviation: GDA, Guideline Daily Amount. Bold print indicates significant results at P ⩽ 0.05. Greenhouse-Geisser corrections were utilised to correct for the violation of the sphericity assumption where appropriate.
Despite the significant main effect observed for GDA, F(1, 13 099) = 4.50, P = 0.034, ηp 2 = 0.000 (Table 3) , the effect size demonstrates that inclusion of percentage GDAs on the label had little effect on perceived healthfulness ratings over and above the provision of absolute values for energy (kcal) and nutrients (g).
When separate analyses of variances for each food were conducted (i.e., with healthfulness and presence of GDA as withinsubjects factors and reference amount ('typical portion', 'half portion', 'per 100 g') and country as between-subjects factors), the significant main effect for reference amount was maintained (Table 5 ). However, the effect size increased and was greater for biscuits F(2, 13 099) = 425.44, P = 0.000, ηp 2 = 0.061 than for sandwiches F(2, 13 099) = 185.22, P = 0.000, ηp 2 = 0.028) or yogurts F(2, 13 099) = 70.37, P = 0.000, ηp 2 = 0.011) ( Table 5 ). For biscuits, participants rated the product with a 'per 100 g' label as significantly less healthful, than the 'typical' or 'half typical' reference amounts presented as 18 g and 9 g, respectively. For sandwiches, the 'per 100 g' label was rated significantly more healthful than the 'half typical' (125 g) or 'typical' (250 g) reference amounts. For yogurts, where the 'per 100 g' label was closer to the reference amounts shown (i.e., 75 g and 150 g), the effect size was much smaller (Figure 1 ) with no significant difference between the healthfulness ratings for the 'half typical' (75 g) reference amount and the 'per 100 g' label. The 'typical' (150 g) portion of yogurt was, however, rated as significantly less healthful than the product with the 'per 100 g' label and the 'half typical' reference amount.
DISCUSSION
Overall, participants correctly ranked foods according to their objective healthfulness as defined by their risk nutrients alone and could distinguish between more and less healthful variants of foods. This was the case both when seeing the nutrition label in absolute values and with additional GDA labelling. Over and above being presented with referenceamount-based (absolute) values for energy and the four nutrients (fat, saturated fat, sugars, salt), product healthfulness evaluations did not change much by adding percentages of proposed daily reference quantities (GDAs) to the label. This is in line with previous research. [23] [24] [25] General healthfulness associations with the three product categories do not appear to have had a strong influence on product ratings. Additionally, country-wise analyses revealed differences in the overall evaluation of more versus less healthful products. Comparing country ratings across all three foods, French consumers displayed the tendency to rate most extreme, that is, less healthful variants the lowest and more healthful variants the highest. Opposite results were obtained for Poland where product ratings were most similar and respondents did not differentiate as much. Explanations for this may include the role of foods in each country, the relevance of health and nutrition and the history of nutrition labelling, that is, presence on the market, exposure to and familiarity with this type of product information and media debate. 26 Selection of appropriate reference amounts, for example, 'per 100 g', 'per portion' or 'per unit', is central to current debates within the scientific community regarding nutrition profiling systems and their ability to classify foods according to their healthfulness. [27] [28] [29] [30] These results show that across the three food categories, consumers do factor the reference amount, that is, the quantity of food for which the nutritional information is being presented, into their judgements of healthfulness. Figure 1 . Participants mean rescaled healthfulness ratings for more and less healthful products versus objective healthfulness scores, across three different categories.
Therefore, appropriate reference amounts are also of importance for the effective presentation of nutritional information. 31 Previous research has shown that there is a tendency for increased consumption of foods perceived to be more healthful, [31] [32] [33] and that portion size can have a considerable effect on energy intake. [34] [35] [36] [37] [38] This calls for further research, in conjunction with other attributes of a nutrition label, for example, format, wording, design and possibly the interaction with other cues, for example, the perceived visual size of a portion on a plate or the number of units in a pack, the aim being to better understand what determines consumers' understanding of the information provided and how they translate this into food choice and consumption.
This study is confined to healthfulness evaluations of product descriptions with no cues other than a brief product name, which was the same for the more and less healthful products, and information about energy and the four risk nutrients the current legislation 9 requires. One could argue that communication of risk nutrients alone does not accurately communicate healthfulness; an example being between wholegrain and white bread where the risk nutrients could be the same but the presence of fibre and other micronutrients render the former as more healthful. This is an issue that warrants future research which could explore the use of further cues, such as positive ingredients and their impact on perceptions of product healthfulness. For that purpose, alternative objective health scoring systems would need to be considered.
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